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PHOTO DEFINABLE POLYIMIDE FILM USED AS AN EMBOSSING 

SURFACE 

Technical Field 

The present invention relates generally to the field of embossing photo- 
profiled data. In particular, the present invention is directed to a material and a 
method for using the subject material to eliminate steps between photo-profiling 
and embossing. 

Background Art 

Embossing tools are used in a wide variety of applications for transferring 
data from one medium to another. One example is the mass production of 
holograms, using embossing tools, for the holographic portions of credit cards. 
Holograms are also created for a large number of other products, including 
periodical advertising, wrapping paper and other decorations, a wide range 
security devices, packaging, and artwork. Mass production of such holograms is 
carried out by impressing a film with an embossing die containing the holographic 
relief pattern. 

The embossing die or tool is the key feature of this process, and requires a 
high degree of precision in its manufacturing in order to successfully generate 



large quantities of high quality holograms. Conventionally, such tools are 

produced using a number of steps. The first step involves a photoresisted plate 

exposed to a holographic interference pattern used to form the "master" hologram. 

After exposure to the holographic light pattern, the photoresist is developed to 

form a surface-relief pattern in the photoresist corresponding to the holographic 

interference pattern. 

Then a thin layer of nickel is electroformed onto the relief surface of the 

photoresist to transfer the interference pattern. The nickel layer is then peeled 

away from the photoresist. This nickel layer becomes the master, and a second 

nickel layer is made as a copy of the first. The second nickel layer servers as the 

stamper, and is clamped to a substrate, either by being wrapped around the 

cylinder or being held to a flat plate which forms a die. Each of the layers is 

known as a shim. Generally there are two shims used, with one being kept aside 

as a master while the other is used as a stamper. The metal die is then used to 

stamp or press the transparent film, impressing the holographic interference 

pattern onto the film, thereby creating the production holograms. This process is 

used for a wide variety of different types of holograms, including those constituted 

by translucent films viewed with laser light, detraction patterns, "2D 3D" 

holograms, and virtually any other holographic pattern that lends itself to mass 
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production. 

Unfortunately, there are certain limitations to such conventional techniques. 
For example, nickel is the preferred metal for creating an embossing tool to 
transfer the holographic interference pattern. Accordingly, only material softer 
than nickel can be imprinted by the die. For example, nickel can be used for 
imprinting on polyester films, soft plastics and the like. However, even with such 
soft material nickel deforms after continuous use so that after a few thousand 
meters of embossing, the embossing tool deteriorates to the point that it is no 
longer suitable for turning out copies. 

Also, when a die is wrapped around a printing cylinder or roller, a seam 

runs approximately parallel to the axis of the cylinder. For the sake of accuracy, 

the holographic pattern cannot be located anywhere near the seam. In particularly 

large printing cylinders, multiple shims are used since it is often very difficult to 

make shims large enough for some embossing rollers. The chief problem with this 

situation is that there is a mark in the material every time that this seam comes 

around as a result of the rotation of the roller. As a result, a good deal of the roller 

surface is lost for practical use, and the size of the hologram that can be printed is 

severely limited. Since it is very difficult to make a solid cylindrical roller by a 

metal deposition process, such as electroplating, this problem probably cannot be 
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solved using conventional techniques, which are not adaptable to creating a 
seamless roller. 

Other, harder materials have been tried in the production of embossing 
tools. For example, aluminum has been used for embossing dies for holographic 
transfer. However, the process for making the aluminum die is severely limited by 
the chemical etching process so that accuracy of the etched pattern degrades 
rapidly with increasing depth of the etching. Also, aluminum is not a particularly 
good material for extremely high pressures, such as those used in creating 
embossed holograms. 

Other, harder materials have been used. For example ion milling or etching 
has been used to create holographic patterns on such materials as tool steel, 
diamond or chromium. One example of such a technique is found in U.S. Patent 
No. 5,521,030 to McGrew . This patent discloses the use of anisotropic reactive- 
ion etching to transfer a holographic interference pattern from a photoresist to the 
durable material to be used as an embossing tool. 

Unfortunately, such techniques for forming holographic interference 

patterns on durable materials are extremely expensive and complex to carry out. 

Such techniques are only justified when large numbers of accurate holograms have 

to be embossed. Otherwise, the expense of such techniques can not be justified. 
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Further, none of the conventional techniques are capable of providing for seamless 
embossing, or any of the advantages associated therewith. Accordingly, there is 
still a need to inexpensively create embossing tools on hard material that can be 
used to transfer holographic interference patterns under conditions of high 
pressure without degrading the resultant copies, even for extended production 
runs. 

Summary of the Invention 

Accordingly, it is a first object of the present invention to eliminate the 
drawbacks of conventional embossing of data. 

It is a second object of the present invention to provide an embossing tool 
which avoids the limitation of conventional seams on embossing rollers. 

It is another object of the present invention to streamline the embossing 
process when transferring photo-profilable data. 

It is a further object of the present invention to decrease the expense of 
transferring photo-profilable data. 

It is an additional object of the present invention to eliminate steps in 
conventional embossing of photo-profilable data. 

It is still another object of the present invention to limit the number of 

materials used in an embossing operation for transferring photo-definable data and 
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other materials. 

It is yet a further object of the present invention to provide an embossing 
process in which the embossing surface can be selected from a wide variety of 
different hardnesses. 

It still an additional object of the present invention to provide an embossing 
tool which avoids the limitation of conventional seams on embossing rollers. 

It is still a further object of the present invention to provide an easily 
manufactured embossing surface capable of enduring high pressure for extended 
production runs. 

It is again another object of the present invention to provide an embossing 
system using a photo-profilable material having good selectivity. 

It is still a further object of the present invention to provide an embossing 
system having a photo-profilable material that does not have to be etched. 

It is again another further object of the present invention to provide an 
embossing system having a photo-profilable material with excellent cured filmed 
properties. 

It is yet an additional object of the present invention to provide an 
embossing system using a photo definable material having high resolution and 
high exposure sensitivity. 
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It is again a further object of the present invention to provide an embossing 
system using a photo-profilable material and embossing surface as a single entity. 

It is yet another object of the present invention to provide an embossing 
system having a positive acting photo-profilable material. 

It is still another object of the present invention to provide an embossing 
system having a photo-profilable material that is capable of processing with 
positive resist developers, and provides positive tone. 

It is again another object of the present invention to provide an embossing 
system in which the hardness of the embossing surface can be easily varied. 

It is still an additional object of the present invention to provide 
photodefmable surface suitable for casting operations. 

It is still a further object of the present invention to provide a 
photodefmable embellishment coating material. 

It is again another object of the present invention to provide a 
photoprofilable data transfer material capable of transferring a wide range of 
holographic data, including those constituted by translucent films viewed with 
laser light, defraction patterns, "2D" "3D" stereograms, true "3D" holograms or 
virtually any other holographic pattern admitting to transfer. 



It is still another object of the present invention to provide an embossing 
system whereby metallic elements can be eliminated. 

It is yet another object of the present invention to provide an embossing 
system in which photodefinable material can be negative acting as well as positive 
acting, and can be developed by non-aqueous as well as aqueous solvents. 

It is again a further object of the present invention to provide a data transfer 
system which uses a polyimide casting material. 

These and other goals and objects of the present invention are provided by 
an embossing surface configured for transferring data to other surfaces, where the 
embossing surface consists of a photodefined polyimide material. 

A second embodiment of the present invention is manifested by a method of 
embossing data from an embossing surface to other surfaces. The method consists 
of the steps of exposing a photodefinable material to EMF radiation defining the 
data. Afterwards, the photodefinable material is cured to achieve an embossing 
surface of a selected hardness. Finally, the embossing surface is used to emboss 
the data onto other surfaces. 

Brief Description of the Drawings 

Figure 1(a) is a perspective view depicting the transfer of polyimide 
material onto an embossing roller. 



Figure 1(b) is a perspective diagram depicting the precuring phase of the 
polyimide material. 

Figure 1(c) is a perspective diagram depicting the photo defining of the 
polyimide material on the roller. 

Figure 1(d) is a perspective diagram depicting the hardening phase prior to 
embossing. 

Detailed Description of the Preferred Embodiments 

The present invention includes the use of a photodefinable or 
photoprofileable, positive-acting (positive tone) polyimide as an embossing 
surface. The polyimide is treated as depicted in Figures 1(a) -1(d), and as 
described infra for the purpose of the present invention. The polyimide material is 
placed on an appropriate surface, heat-treated, exposed to EMF radiation (such as 
coherent light), and hardened into an embossing surface. Then the embossing 
surface is used to transfer data expressed as the EMF radiation to another surface. 
This technique for using polyimide material is particularly effective for creating a 
holographic master to be used as an embossing surface. 

Because of the characteristics of the polyimide material, it is also suitable 
for use as a gravure printing surface. Such a surface is created using photo 
detection techniques, and a flash application of metal to provide a printing surface. 
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The positive photoresist characteristics of the polyimide material make this second 
embossing embodiment possible without the complications of conventional 
gravure printing processes, such as etching. 

The polyimide material could be coated on virtually any surface, profiled, 
and then hardened to be used as a decorative or display surface. The use of such 
materials provides an advantage for artists since no material currently exists that 
can be easily formed, while still withstanding cleaning and ultraviolet radiation. 
Accordingly, the subject polyimide material can be used on any surface that could 
withstand the necessary curing temperatures. 

The polyimide material can also be used in a casting operation to transfer 
the grooves of an existing hologram onto the polyimide material. Then, the 
pattern in the cast polyimide can be applied to other surfaces. Virtually any kind 
of casting technique can be used with the polyimide materials, examples of which 
are described infra. 

The polyimides, which are applied to the novel uses in the instant 
application, are high temperature engineering polymers originally developed by 
the DuPont Company. When compared to most other organic or polymeric 
materials, polyimides exhibit an exceptional combination of thermal stability 
(>500°C), mechanical toughness and chemical resistance. In addition, they have 
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excellent dielectric properties. 

Conventionally polyimide films are frequently used as a "stress buffer" or 
protective overcoat for semiconductors. Polyimide stress buffers are typically 4-6 
microns in thickness, and protect the delicate thin films of metal and oxides on the 
chip surface from damage during handling and from induced stress after 
encapsulation in plastic molding compound. 

When used as a photo-definable material, patterning is simple and 
straightforward. Because of the low defect density and robust plasma etch 
resistance inherent with polyimide films, a "single mask" process can be 
implemented. 

In the conventional fabrication of microelectronic devices, photodefinable 
polyimides are typically applied as a liquid onto a substrate, and then thermally 
cured into a smooth, rigid, intractable polymeric film or structural layer as further 
described, infra. The film can be patterned using a lithographic (photographic) 
process in conjunction with liquid photoresists. "Photodefinable" polyimides are 
light-sensitive and readily patterned without the use of photoresists, further 
simplifying the fabrication process. 

For purposes of demonstrating the effectiveness of the present invention, 
the photodefinable, positive-acting polyimide selected is HD-8000, a product of 



HD Microsystems™, a joint enterprise with Hitachi Chemicals and DuPont 
Electronics. HD-8000 is a positive-tone, aqueous developing, photodefinable 
polyimide for stress buffer and chip bonding applications. HD-8000 includes a 
polyamic acid back-boned precursor that is synthasized by reacting aromatic 
dianhydrides with aromatic diamines. Also included are photosensitizers to 
provide positive tone lithographic properties during processing. Solvents are 
included as well. This material achieves pattern definition which greatly exceeds 
that of earlier-generation aqueous developing products. 

The aforementioned polyimide material is positive tone or positive acting 
and can be developed with an aqueous solution. However, this merely one 
example of the type of polyimide material that can be used with the present 
invention. For example, a negative tone or negative acting polyimide can also be 
used depending upon the exact implementation of data transfer to which the 
material will be put. Also, the polyimide material that is developed with non- 
aqueous solutions can also be used for purposes of the present invention. 

In Figure 1(a) the polyimide material 1 is arranged using an applicator 2 on 
the moveable surface such as coating roller 3. The application of the polyimide 
material forms a coating 4 on the roller. It should be noted that while a roller is 
used in the example of Figure 1(a), other surfaces can also be used for the 
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application of polyimide material for photo defining and later embossing 
operations. 

In most microelectronic applications polyimide coatings are typically spin 
applied to the substrate. This same process and basic tool set is also used to apply 
liquid photoresists. For optimal adhesion to silicon, oxides and most metals, 
adhesion promoters are required. Some polyimides have built in adhesion 
promoters, while others require the application of a separate adhesion promoter or 
coupler prior to polyimide application. Adhesion promoters are also applied by 
spin coating. 

While spin coating assures the best uniformity and coating quality, other 
application techniques that have been used for applying polyimides include draw, 
spray, extrusion, roller, dip and drop coating. 

While a rotating cylinder 3 has been used for coating 4, other shapes of 
embossing surfaces can also be used. For example, a flat surface can be used with 
a platen moved in two directions, or even a platen that moves in one direction 
while the source of EMF radiation is also moving in one or more directions. 

It should be noted that the data to be transferred by means of the present 
invention can be expressed in a wide variety of different configurations. For 
example, holograms are of particular interest, and the transfer of holograms is 
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easily facilitated by the present invention. Such holograms can include 
translucent films viewed with laser light, detraction patterns, "2D" "3D" 
stereograms, true "3D" holograms, as well as virtually any other holographic 
format for arrangement can be transferred using the present invention. It should 
be further noted that the present invention is not limited to the transfer of 
holographic material. Rather, virtually any other type of data that can be 
transferred by means of embossing can be quickly and accurately transferred using 
the system of the present invention. 

In Figure 1(b), the roller 3 with its polyimide coating 4 is placed in a curing 
oven 5. In the alternative, the coated substrate could be heated or soft; baked on 
hot plates at 120° C for approximately 130-260 seconds. This is done for a target 
fixed thickness of 10 microns. However, different target thicknesses will require 
different baking times. After the pre-cure operation has altered the polyimide 
material 4 to a predetermined thickness and consistency, the polyimide material is 
ready for alteration or profiling by electromagnetic EMF radiation, such as light. 

Coated substrates should be cooled to ambient temperature prior to EMF 
exposure. A chill plate is recommended for cooling after the heat treatment. For 
improved control, the wafers should be held for a minimum of 20 minutes prior to 
exposure. The coated substrates can be stored for up to 72 hours in a wafer 
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cassette box under clean room conditions prior to exposure and development. 

In Figure 1(c) the light is monochromatic and provided by laser 6. It should 
be noted that while one preferred embodiment as depicted in Figure 1(c), uses a 
laser light source, other forms of electromagnetic radiation can be used. Examples 
are : light having plural frequency elements, x-rays, radio waves, ultraviolet light, 
electron beams and infrared light. Photosensitive polyimides permit the 

patterning of relatively fine features. An aspect ratio of 1 to 1 can be achieved in 
fully cured films. 

Data (from a source not shown) is expressed by the light from laser 6, and is 
used to profile or otherwise define or modify the polyimide coating 4 on roller 3. 
On example of such a photo defining technique is the pixel-by-pixel method 
disclosed in U.S. Patent No. 5,822,092, to Davis issued October 13, 1998, and 
incorporated herein by reference. 

Part of the light profiling of the polyimide material 4 is the development of 
the material that has been exposed or otherwise profiled by the incident 
electromagnetic radiation, such as cohent light. In the preferred embodiment 
depicted in Figures 1(a)- 1(d), a well-known type of aqueous solution is used to 
develop the exposed polyimide material. This can be carried out using a number 
of different techniques. For example, the entire roller 3 can be submerged in a 
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bath (not shown). In the alternative, a developing chamber (not shown), similar to 
the heat treatment chambers, can be used to apply the developing solution. 
However, any other technique used for developing, using either aqueous or non- 
aqueous developing solutions are also suitable for the present invention. Any 
known combination of radiation exposure and development effective for any 
polyimide is suitable for the Figure 1 (c) operation of photoprofiling of the 
polyimide material. 

After being profiled by the light from laser 6, and developed, the polyimide 
coating 4, arranged on roller 3 is heat-cured, for example in another oven 7. The 
curing takes place according to the parameters specified in the Preliminary 
Product Bulletin by HD Microsystems™, entitled Photo Definable Image HD- 
8000 Series Positive Tone, Aqueous Developable Polyimide, attached hereto as 
Appendix 1 . 

Curing the polyimide film involves the removal of the solvent carrier or 
other volatiles from the layer and the imidization or hardening of the polymer into 
an intractable polyimide film. This curing process is typically done in steps. Hot 
plates are commonly used for the initial heat treatment or bake (Figure 1(b)) after 
the polimide application. The initial application can range from 50°C to 150°C on 
one or more in-line hot plates. A furnace or programmable oven is used for the 
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final cure (Figure 1(d)). Final curing is usually done between 280°C - 400°C 
depending on the application. 

The objectives of a proper cure schedule are to: 1) remove residual solvents, 
2) complete the imidization process, 3) complete the adhesion process. Because 
all three of these actions can occur simultaneously at a given temperature, the cure 
schedule is a very important process step which can impact cured film quality and 
associated mechanical properties. 

The following variables need to be considered in curing polyimide films: 
curing tool; atmosphere; loading temperature; ramp rate; soaks (holding 
temperatures); final cure temperature; and, ramp down. 

Curing is typically done as a batch process using programmable ovens or 
furnaces. (Single- wafer curing tools that utilize a series of hot plates have also 
been developed for in-line processing. This technique has been frequently used 
with non-photo-defmable polyimides.) 

Curing should be performed under a nitrogen atmosphere (oxygen cone. 
<100ppm). Some programmable ovens are designed to cure under a vacuum. A 
partial vacuum may be used with a nitrogen atmosphere. 

Loading temperatures, ramp rate, soaks (intermediate holding temperatures), 
final cure temperature and cool down rate can be optimized for optimum 
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throughput and cured film properties. A basic cure schedule is given for a typical 
"single-mask" stress buffer application : load into oven or furnace at <150°C; 
ramp from loading temperature to 350°C over a 60 minute period; hold at 350°C 
for 30 minutes; and , substrates can be unloaded immediately or allowed to cool 
down. It should be noted that the curing can also be done in an oven without the 
special atmosphere. The selection of oven atmosphere depends upon a number of 
factors, such as the size of the area of the polyimide to be cured, the thickness of 
the final polyimide coating, and the other curing factors. 

While one type of polyimide has been described, and proven to work, this is 
merely one example of the various photo-definable, polyimide materials that can 
be used to constitute the embossing system of the present invention. Further, such 
materials are particularly appropriate for transferring dot matrix holograms. 

Based upon the aforementioned specification, the polyimide can be cured to 
a predetermined hardness and thickness on roller 3. Because the polyimide 
material forming layer 4 can be cured to a predetermined hardness, it is possible to 
use the polyimide surface 4 as an embossing surface. Consequently, the formation 
of a conventional metal embossing surface for transferring holograms is not 
necessary with the present invention. The result is a substantial saving of time and 
expense. 
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Because the polyimide used in the preferred embodiment can be used as a 
positive exposure substance, the material can also be used for gravure printing, in 
which the printed material is formed as depressions around unprofiled photoresist 
material. The ink is placed within the grooves that constitute the letters or the 
images, and the paper or other transfer surface is forced on the profiled surface so 
that the ink in the depressions is forced onto the transfer surface. The polyimide 
material is capable of being cured to a consistency that will handle the pressure 
handled for gravure printing operations. It should be noted that the roller 3 
depicted in the drawings need not be used in this printing process. Rather, a flat 
platen can be used in the alternative. However, it should be noted that most 
printing takes place in roll presses so that roller 3 would most likely be the 
preferred surface for this type of system. 

The use of polyimide for gravure printing requires a flash coating of a 
metal, such as nickel or chrome to be placed on the polyimide coating. However, 
the acid wash that is used in more conventional photodefining prepatory to 
gravure printing, is not necessary. As a result, the acid used in such washes will 
not degrade the metal defining the data to be transferred. Accordingly, the present 
invention avoids the loss of clarity or accuracy, as well as size limitations, 
inherent to conventional gravure printing systems. Accordingly, gravure printing 
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using the polyimide in accordance with the present invention is carried out more 
easily and more cheaply than conventional systems, and results in a better product. 

The polyimide material can be used in another embodiment to copy the 
interference pattern of a hologram, or any other data in a relief pattern. This is 
done by forming a casting of the polyimide material over a holographic master. As 
a result, a impression of the diffraction grating pattern is made on the casting 
material. The casting is then used to transfer the data from the holographic master 
to other surfaces. In so doing, the benefits previously described with respect to 
the polyimide material are achieved for copies made from the polyimide casting. 

While a number of embodiments have been described by way of example, 
the present invention is not limited thereby. Rather, the present invention should 
be interpreted to include any an all variations, modifications, permutations, 
adaptions, and embodiments that would occur to one skilled in this art once 
having been taught the invention. Therefore, the present invention is to be limited 
only by the following claims. 
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Claims 

I claim : 

1. An embossing surface configured for transferring data to other surfaces, said 
embossing surface consisting of a photodefmed polyimide material. 

2. The embossing surface of claim 1 ? wherein said polyimide is aqueous 
developeable. 

3. The embossing surface of claim 2, wherein said data is transferred to said 
embossing surface by photo detection. 

4. The embossing surface of claim 3, wherein said data is text. 

5. The embossing surface of claim 3, wherein said data is image data. 

6. The embossing surface of claim 3, wherein said polyimide is hardened by 
baking. 
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7. The embossing surface of claim 3, wherein said polyimide is defined to be 
positive tone. 



8. The embossing surface of claim 7, further comprising a flash-coated metal film 
over said polyimide. 

9. The embossing surface of claim 8, wherein said embossing surface is suitable 
for gravure printing. 

10. A method of embossing data from an embossing surface to other surfaces, 
said method consisting of the steps of : 

(a) exposing a photo-definable material to EMF radiation defining 

said data; 

(b) curing said photo-definable material to achieve an embossing 
surface of a selected hardness; and, 

(c) using said embossing surface to emboss said data onto said other 

surfaces. 
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11. The method of claim 10, wherein step (a) comprises a subsequent substep of 
(i) developing said photo-definable material with a solvent. 



12. A method of claim 1 1, wherein step (a), further comprises a preliminary 
substep of : 

(ii) applying said photo-definable material to a roller. 

13. The method of claim 12, wherein step (a) further comprises a preliminary 
substep of : 

(iii) pre-curing said photo-definable material by heating. 

14. The method of claim 10, wherein said photo-definable material is a 
polyimide. 

15. The method of claim 10, wherein said step (c) of curing comprises heating 
said photo-definable material. 

16. The method of claim 10, wherein said EMF radiation comprises light. 
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17. The method of claim 16, wherein said light is monochromatic and generated 
by a laser. 

18. The method of claim 15, wherein step (c) comprises a preliminary substep of : 

(ii) applying a coating of metal over said polyimide material. 

19. The method of claim 1 8, wherein said step (c) of using said embossing surface 
to emboss said data is carried out as gravure printing on said other surfaces. 

20. The method of claim 19, where the photo-definable material is copied by 
electroforming using nickel. 

21 . The method of claim 19, wherein said photo-definable material is copied by 
electroforming using chrome. 

22. The method of claim 10, wherein said data is selected from a group consisting 
of images, printed text, reliefs and holograms. 
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23. The method of claim 22, wherein said data is in a holographic dot matrix 
format. 

24. The method of claim 10, wherein said photodefinable material is applied to 
flat surface. 

25. The method of claim 10, wherein said photodefinable material is applied as 
embellishment coating to an object. 

26. A method of transferring data from a first surface to other surfaces to a 
transfer medium, said method consisting of the steps of : 

(a) casting said transfer medium on a surface containing said data; and, 

(b) using said transfer medium to emboss said other surfaces. 

27. The method of claim 26, wherein said transfer medium is polyimide. 
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Abstract 

PHOTO DEFINABLE POLYIMIDE FILM USED AS AN EMBOSSING 

SURFACE 

An embossing surface and a method for creating that surface is provided by 
a polyimide material which has photodefinable characteristics. One benefit is that 
the embossing surfaces do not have to be made by data transfer from the photo- 
definable surface. The polyimide material is cured by heating to a predetermined 
hardness appropriate for the surfaces to be embossed. 
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1. Introduction 

HD-8000 is a positive-tone, aqueous developing, 
photodefinable polyimide for all stress buffer and flip 
chip bonding applications. This product cai i be readily 
processed using standard Mine, G-line and broad band 
lithography tools and common TMAH-based developer 
tracks. HD-8000 utilizes a newly developed, fully aro- 
matic, poiyimide backbone. Cured films have the corre- 
sponding thermal and mechanical stability associated 
with polyimide materials. New photopolymer technology 
was utilized to achieve pattern definition which greatly 
exceeds that of earlier-generation aqueous developing 
products. The resolution capability of HD-8000 should 
meet or exceed the requirements of all contemporary 
semiconductor target applications. 

2. Product Description 

HD-8000 is a positive tone, self-priming, Mine, G-line and 

broad band photodefinable polyimide precursor that can 
13 be patterned to cleanly resolve micron scale relief pat- 
tfl terns with controlled size and side-wall profiles without 
0 the need for photoresist. Because of this unique combma- 
; il tion of properties, HD-8000 reduces the number of 
HJ process steps required for patterning polyimide overcoat 

layers. Its fine line resolution and inherent durability as a 
s ^ dry-etch mask make it ideal for most "single-mask" 

applications. 

in a "single-mask" stress buffer process, the polyimide 
B stress buffer layer or (secondary passivation layer) is 
Mb also used as a resist layer to pattern the underlying 
m silicon nitride primary passivation. 



Key Features: 

• Positive tone 

• Process with positive resist developers 

• "NMP-free" formulation (compatible with chemical 
amplification resists) 

• High exposure sensitivity 

• High resolution 

• Wide process latitude 

• Good room temperature (RT) viscosity stability 

• Excellent cured film properties 

• Good selectivity in dry etch processing 

• Wide process latitude from soft-bake to exposure and 
exposure to develop 

HD-8000 is supplied as a liquid coating and typically 
packaged in 1 or 4 liter high-density polyethylene 
or polypropylene bottles. The solution properties for 
HD-8000 are shown in Table 1. 



Table 1. Liquid properties (typical values) 



Item 


Condition 


Units 


HD-8000 


Viscosity 


25°C (E-type) 


cPs 


1500±100 


Non-volatile content 200°C/1 hr 








+350°C/1hr 


% 


38±1 


Water content 


Kari Fisher 


% 


<0.5 


Metal impurity 


MIP-MS 








(Hitachi P-7000) 






Na 




ppm 


<1.0 


K 




ppm 


<0.5 


Cu 




ppm 


<0.5 


Fe 




ppm 


<0.5 


U 




ppb 


<0.5 


Th 




ppb 


<0.5 


Chloride* 


Ion chromatography 


ppm 


<2 


Particles 


LPC (Rion KL-01) 


/ml 


<5000 



*Extracted from cured film 
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3. Storage and Availability 

HD-8000 is formulated to provide a 5-10 jim cured film 
thickness under nominal process conditions as de- 
scribed in Table 2. HD-8000 solutions should be stored 
in a freezer at -1 8°C upon receipt for long-term storage; 
room temperature (RT) stability is 2 weeks. Stored 
solutions should be allowed to warm up to room tem- 
perature before opening to avoid moisture condensation 
on the inside of the bottle. To avoid solvent loss, bottles 
should be kept tightly sealed when not in use. 

4. Safety and Handling 

During handling of HD-8000, adequate ventilation must 
be provided. Skin and eye contact should be avoided. 
Exposed areas should be flushed with water immediately. 
Solvent-resistant gloves, goggles and safety masks 
should be utilized; consult the individual product Material 
Safety Data Sheet (MSDS) for additional toxicity/heaith 
hazards information. 

5. Processing 

5.1 Clean Room Conditions 

The processing of HD-8000 should be performed in 
standard clean room conditions under yellow light. 
Temperature and relative humidity conditions should be 
controlled for consistency (± 2.0°C, ± 2% RH) to obtain 
the best processing results. 



5.2 Substrate Preparation 

Substrates should be clean and dry prior to use. in 
some cases, oxygen plasma cleaning followed by a 
wet cleanup with an organic stripper solution such as 
Tokyo Ohka S-I06 to remove trace organic contaminants 
is recommended during rework. (Trace organic contami- 
nants can degrade adhesion to the substrate during 
processing or after curing.) 

5.3 Spin Coating Process and Film Thickness 

Nominal process conditions for HD-8000 are shown in 
Table 2. The volume of solution dispensed should remain 
constant for each wafer to ensure wafer-to-wafer unifor- 
mity Low spin speed and/or short spin times can impact 
film uniformity; the recommended spin speed range is 
1,000-4,000 rpm. The recommended spin time is 30-60 
seconds. 

A spin speed curve for HD-8000 is shown in Figure 1 . 
The standard deviation for a soft-baked film on an 8 inch 
wafer can be as low as 0.2 |im. The actual coating 
thickness obtained for a given set of spin coating condi- 
tions will depend on a number of parameters such as 
equipment type, wafer size, surface topography, ambient 
conditions and soft-bake conditions. Refractive indices 
together with Cauchy coefficients for measuring coating 
thickness are given in Table 3 for pre-cured and cured 
films of HD-8000. A film thickness reduction of approxi- 
mately 15-25% can be expected after development; 
approximately 43-47% after final cure (as compared to 
original soft-bake thickness). 



Table 2. Processing conditions* 



Process 




Units 


5 microns 


Target Thickness 

8 microns 10 microns 


Product Code 


Process Tool 


Coating 


P re-spin 
Spin 


rpm/sec 
rpm/sec 


1000/5 
3400/30 


1000/5 
1900/30 


1000/5 
1390/30 


HD-8000 


TEL Mark 7 


Soft-bake** 




°C/sec 


120/130 


120/180 


120/260 






Soft-baked thickness 




microns 


9.4 


14.7 


18.7 






'Exposure 


Dose 
Focus 


mJ/cm 2 
microns 


240 
0 


500 
0 


700 
0 




Cannon 
FPA 3000iw 


Development 


Puddle 1 
Puddle 2 
Rinse 
Spin-dry 


sec 

sec 
rpm/sec 
rpm/sec 


35 

35 
1000/10 
3500/10 


60 

60 
1000/10 
3500/10 


90 

90 
1000/10 
3500/10 


2.38% TMAH 
at 23°C 
Dl Water 


TEL Mark 7 


Developed thickness 




microns 


7.2 


11.5 


15.2 






Post-bake 




°C/mtn 
°C/min 




150-350/60 
350/30 




N 2 

(O 2 :100 ppm) 


Diffusion tube 


Cured thickness 




microns 


5 


8.2 


10.8 







*See Appendix A 

**Proximity bake temperature at 100 n 
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Figure 1. Spin speed vs. film thickness after soft-bake 
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Table 3. Refractive indices for thickness measurements 
Film Refractive Index Filter* 

I Soft-baked 1.551 R-60 

I Developed 1550 R-60 

Cured 1.618 R-60 

J: *Short wave length sharp cut filter at 600 nm 

Cauchy law on n and k 
I Film N1 N2 N3 K1 K2 K3 

Soft-baked 1 651 -1.172e-2 2.250e-3 2.813e-5 -9.527e-5 2.656e-5 
l Developed 1.656 -1.548e-2 2.462e-3 2.116e-5 -1.086e-4 2.645e-5 
| Cured 1.663 -1.033e-2 2.877e-3 -5.776e-4 3.735e-4 7.317e-5 

* n(X) = N1 +N2/V + N3/X 4 k(X) = K1/X + K2A 3 + K3/X 5 ^^im) 

* 5.4 Soft-bake Process 

Primary Objectives: 1) to drive off carrier solvents from 
the polyimide coating and producing a tack-free surface 
for exposure; 2) to provide sufficient chemical resistance 
and adhesion so that the unexposed areas of the coating 
will not be attacked or deiaminated by the developer. 
Coated substrates should be soft-baked on one or more 
hot plates at 1 20°C (proximity mode) for 1 30-260 sec- 
onds. (In the contact mode the temperature should be 
re-adjusted downward to obtain the recommended film 
thickness after development.) 

The "substrates must remain in a horizontal (level) position 
; during the soft-bake since the coating is still liquid after 
spin application. 



Coated substrates should be cooled to ambient tempera- 
ture prior to UV exposure. A chili plate is recommended 
for cooling after the bake. For improved CD control, the 
wafers should be held for a minimum of 20 minutes prior 
to exposure. The coated substrates can be stored for up 
to 72 hours in a wafer cassette box under clean room 
conditions prior to exposure and development. (See 
Section 5.7.) The effect of soft-bake temperature and 
times on photolithographic properties are given in 
Tables 4 and 5. 

5.5 Exposure Process (Exposure Dose, Focus) 

The amount of incident radiation required for optimum 
resolution and CD depends on the coating thickness 
(Figures 2 and 6), structure size, side-wall profile and 
feature uniformity. Again, for improved CD control, the 
wafers should be held for a minimum of 20 minutes prior 
to development. The coated substrates can be stored for 
up to 72 hours in a wafer cassette box under clean room 
conditions prior to development. (See Section 5.7.) 
Depth of focus will impact resolution and feature size; 
generally, focus latitude for the best resolution is +3.0 to 
-3.0 jim from the top of the film surface (Figures 3 and 4) 
CD control as a function of mask linearity is plotted in 
Figure 5. 

Figure 2. Exposure sensitivity curves at various cured 
thicknesses 
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Figure 3. Effect of varying focus margin on resolution 
(5 jim cured) 
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Figure 4. Effect of varying focus margin at various expo- 
sure energies on CD (5 u,m cured) 



E 

E 
=i 
m 

a 

d 
6 



, 

6 . 






— ^fiXi! 
4 

3 
2 
1 

i 1 o- 


I 1 


240 mJ/cm 2 
280 mJ/cm 2 
-+- 320 mJ/cm 2 
360 mJ/cm 2 



0 

Focus (|im) 



Figure 5. CD control as a function of mask linearity at 
various cured film thicknesses 
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5.6 Single Wafer Development Processing 

After exposure the wafer can be developed on a stan- 
dard, positive photoresist developer track using a 
standard TMAH-based positive photoresist developer 
with a normality of 0.25 to 0.27 (2.27 to 2 46%). 

After exposure, it is recommended that HD-8000 be 
developed after a minimum hold time of 20 minutes. No 
post exposure bake is required. Exposed films can be 
held for up to 72 hr prior to development without signifi- 
cantly impacting resolution using a puddle development 
process. 



In a typical single wafer puddle process, the wafer is 
positioned on the developer chuck and developer 
solution is puddled onto the stationary wafer for a set 
period of time. The developer solution is then spun off. 
A second puddle of developer is then dispensed for a 
set time period that is predicated by film thickness and 
general process conditions. Since the development 
process will continue as long as the poiyimide coating is 
in contact with the developer, develop time is a critical 
factor in defining the parameters of a robust process 
(Tables 4 and 5). After development the wafer should be 
rinsed with water while the wafer is spun at a moderate 
rpm level. After rinse, the wafer is spun dry. 



Figure 6. Exposure dose margin for a 5 |xm square hole 
CD at various cured film thickness 



7.0 

6.0 

1 5.0 
E 

| 4.0 
in 

3.0 
2.0 
1.0 
0.0 



d 




—i i i i t^L^i 




200 400 600 

Exposure dose (mJ/cm 2 ) 



" at 5 urn th 

- at 8 jim th 

- at 1 1 \im th 



— i i i i i— 



800 



Table 4. Effect of soft-bake temperature on film retention and minimum exposure energy* 



Soft-bake** 
(°C/sec) 



Soft-bake 
thickness 
(micron) 



Development 
time 
(sec) 



Development 
thickness 
(micron) 



Film 
retention 
(%) 



Min. exposure 
energy 
(mJ/cm 2 ) 



114/170 
116/170 
118/170 
120/170 



12.6 



50x2 



9.4 
9.7 
9.9 
10.4 



74.3 
76.9 
79.1 
81.5 



280 
300 
350 
370 



120/170 



12.6 



35x2 
50x2 
70x2 



10.8 
10.4 
9.5 



85.5 
81.5 
75.2 



570 
370 
270 



*See Appendix B 

**Proximity bake temperature at 100 p. 
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5.7 Resolution 

Micrographs and SEM photographs illustrating resolution 
capability and side-wail profile for in 5 |x cured films are 
pictured in Figures 7-10 

Resolution as a function of film thickness after develop- 
ment and after cure is illustrated in the micrographs 
pictured in Figure 1 1 



The side wall profiles of soft-baked and cured films of 
HD-8000 as a function of film thickness are pictured in 
Figure 12 

Feature size can be impacted by varying exposure 
conditions and other processing variables (Table 5) 
Figure 13 plots film retention as a function of minimum 
exposure dose, using the conditions detailed in Table 5 
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Figure 11. Micrographs depicting resolution after development (left) and after cure (right). For each picture, 1, 2, 3, 4, 5 and 6 
(im square hole and space patterns are shown from the right to left side. 
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Table 5: Effect of soft-bake time and development time on photolithographic properties* 



Spin 
speed 
from) 


Soft- 
bake** 
(°C/sec) 


Film thickness 
after soft-bake 
(microns) 


Dev. 
time 
(sec) 


Film thickness 
atter dev. 
(microns) 


Film 
retention 
(%) 


Minimum 
exposure 
(mJ/cm 2 ) 


Film 
thickness 
after cure 


iu micron 
line size 


1 


19^/1^0 
I cXjI I DU 


\A ft 


on 




ft4 R 


4ft0 


ft 7 


11.1 








19fi 


11 ft 


ou.o 




ft A 


10.8 








150 


11.3 


77.3 


340 


8.0 


10.6 








180 


10.8 


73.3 


280 


7.7 


9.1 




\£-\Ji IOU 


14.6 


90 


12.5 


85.8 


600 


8.9 


10.7 








120 


11.8 


81.4 


400 


8.4 


10.2 








180 


11.5 


78.7 


360 


8.2 


10.4 








270 


112 


75.6 


310 


7.9 


9.7 


1350 


120/200 


14.7 


90 


12.7 


86.9 


690 


9.0 


10.4 








120 


12.2 


82.9 


480 


8.7 


10.4 








150 


11.7 


79.4 


380 


8.3 


10.5 








180 


11.3 


76.6 


330 


8.0 


9.8 



*See Appendices C and D 
"Proximity bake temperature at 100 n 
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5.8 Hold-Time Latitude 

HD-8000 exhibits wide hold-time process latitude be- 
tween soft-bake and exposure, as well as from exposure 
to development. After soft-bake, exposure or develop- 
ment coated substrates can be stored for up to 72 hours 
in a wafer cassette box under clean room conditions 
prior to moving on to the next process step Figures 
14-17 compare minimum exposure energy, film retention 
and critical dimension control as a function of hold time. 
On non-linked tracks a hold time of 20 minutes after soft- 
bake and exposure is recommended for improved CD 
control 



Figure 16. Critical dimension for 5 u,m mask vs. hold time 
between soft-bake and exposure (5 u.m cured) 
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Figure 14. Minimum exposure dose and film retention vs. 

hold time between soft-bake and exposure with 
8 jim-cured standard condition 
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Figure 17. Critical dimension for 5 \im mask vs. hold time 

between exposure and development (5 (im cured) 
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Figure 15. Minimum exposure dose and film retention vs. 

hold time between exposure and development 
with 8 u.m-cured standard condition 
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5.9 Cure Process 

The objectives of a proper cure schedule are to: 
1) remove residual solvents, 2) complete the imidization 
process, 3) complete the adhesion process. Because all 
three of these actions can occur simultaneously at a 
given temperature, the cure schedule is a very important 
process step which can impact cured film quality and 
associated mechanical properties (see Table 7, Figures 
T8a-18f). The following variables need to-be considered 
in curing polyimide films: 

• Curing tool 

• Atmosphere 

• Loading temperature 

• Ramp rate 

• Soaks (holding temperatures) 

• Final Cure temperature 

• Ramp dowr^ 

Curing is typically done as a batch process using 
programmable ovens or furnaces. (Singie-wafer curing 
tools that utilize a series of hot plates have also been 
developed for in-line processing. This technique has 
been frequently used with non-photodefinable 
polyimides.) — 



Loading temperatures, ramp rate, soaks (intermediate 
holding temperatures), final cure temperature and cool 
down rate can be optimized for optimum throughput and 
cured film properties. A basic cure schedule is given 
below for a typical "single-mask" stress buffer application. 

Basic Cure Schedule for HD-800ir^ 

• Load into oven or furnace at < 1 50 °C 

• Ramp from loading temperature to 350 °C over a 60 
minute period 

• Hold at 350°C for 30 minutes 

• Substrates can be unloaded immediately or allowed 
to cool down. 

Furnaces can be routinely cleaned with a 700 °C cycle for 
1 hour under air atmosphere. 

5.10 Rework 

Before curing, HD-8000 can be stripped with commercial 
cleaners commonly recommended for polyimide re- 
moval. Oxygen plasma etching can be used to remove 
both uncured and cured polyimide. Typical rework 
conditions are detailed in Table 6. 



Curing should be performed under a nitrogen atmo- 
sphere (oxygen cone. <100 ppm). Some programmable 
ovens are designed to cure under a vacuum. A partial 
vacuum may be used with a nitrogen atmosphere. 



Table 6. Rework conditions 







Reagent 


Condition 


Remarks 


After soft-bake and 
after development 


strip 


S-106 


23°C/3 min 


dip 


rinse 


D.L water 


23°C/2 min 


dip/spin dry 


After cure 


strip 


S-106 


105°C/3 min 


dip 




rinse 


D.L water 


23°C/2 min 


dip/spin dry 


After cure (Option) 


strip 


0 2 plasma 


300W 


Yamato RFG-500A/PC-101A 




strip 


2.5% HF 


105°C/1 min 


dip 




rinse 


D.L water 


23°C/2 min 


dip/spin dry 
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6. Cured Film Properties 

6.1 General Properties 

Cured films of the HD-8000 series exhibit a relatively high 
Tg, a moderate CTE and good elongation, as detailed in 
Table 7. 

Table 7. Cured Film Properties 





Units 


HD-8000 


Tg 


°C 


300 


CTE 


ppm/°C 


47 


Tensile strength 


MPa 


122 


Elastic modulus 


GPa 


2.5 


Elongation 


% 


11 


Weight loss temp. 


°C 




1% 




403 


3% 




421 


5% 




433 


Adhesion 


hr 


>500 


Dielectric constant at 1 kHz 




3.4 


Dissipation factor 




0.0097 



6.2 Cured Film Properties as a Function of Cure 

The cured film properties can vary with final cure tem- 
perature. Some of these variances are detailed in Table 8 
and plotted out in Figures 18a-18f. 



Figure 18. Dependence of cured film properties on cure 
temperature 



Figure 18a. 




Figure 18b. 




Table 8. Dependence of cured film properties on cure temperature 



No. 


Cure temp 
(°C) 


Tensile 
strength 
(MPa) 


Elastic 
modulus 
(GPa) 


Elongation 

(%) 


5%Wt. Loss 
(°C) 


Tg 

(°C) 


CTE 
(ppm/°C) 


1 


300 


139 


2.80 


11.5 


424 


286 


53 


2 


320 


129 


2.70 


11.5 


430 


293 


49 


3 


350 


122 


2.50 


11.0 


433 


300 


47 
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Figure 18c. 




Figure 18d. 



Figure 18e. 



6.3 Optical Properties 

The optical transmittance and optical density as a func- 
tion of film thickness are plotted in Figures 1 9 and 20. 



Figure 19. Optical transmittance spectrum of 5.7 \itn 
cured film 





550 


















o 

0 


500 










loss ( 


450 










sight 


400 






















in 


350 












300 




















280 


300 320 340 


360 








Cure temperature (°C) 






Figure 20. Cured film optical density normalized by 
thickness 





Figure 18f. 
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6.4 Residual Stress 

Residual or the internal stress in cured films was mea- 
sured using a wafer bending technique. The measured 
stress is compared to a self priming wet etch polyimide, 
PiX-3400, in Table 9. 



Table 9. Internal Stress (Wafer Bending) 







R» 


R^m) 


tftwn) 


c (MPa) 


HD-8000 


1 


-129.3 


213.1 


5.01 


29.1 




2 


-1668 


84.05 


5.01 


29.3 




Ave. 








29.2 


PIX-3400 


1 


-3278 


88.00 


4.58 


28.8 


(ref.) 


2 


-134 


229.0 


4.91 


28.3 




Ave. 








28.55 



a : Internal stress (MPa) 

a= Eh z /(1-v)6Rt 

R 1 : Radius of bare Si wafer (original bend) 

R 2 : Radius of Si wafer after PI cure (bend by PI) 

R^R 1 R 2 /(R 1 -R z ) 

t : PI thickness (^m) 

h : Wafer thickness (625 jim) 

E/(1 - v) : Elastic modulus of Si wafer (1 .805 x 10 s MPa) 

7. Dry Etch Resistance 

Both soft-baked and cured films exhibit excellent resis- 
tance to dry etch processing chemicals. This versatility 
makes HD-8000 well suited for most single-mask wafer 
overcoat processes. 

Silicon nitride and cured films of HD-8000 were mea- 
sured after dry etch processing for film thickness, depth 
and pattern size. 

The impact of etching gas composition on film thickness 
reduction and etch rate is shown in Table 10 and Figures 
21 and 22. A higher O 2 ratio resulted in a larger film 
thickness reduction and a higher etch rate. Soft-baked 
films of the HD-8000 series have also shown good RIE 
resistance. 



Table 10. Dry etch tolerance (etch rate u.m/min) 



Gas composition 






CF 4 /0 2 


SiN 


HD-8000 


60/40 


0.20 


0.17 


75/25 


0.30 


0.07 


90/10 


0.080 


0.036 



Figure 21. Dry etch rate of SiN and polyimide as a function 
of gas composition 
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Figure 22. Selectivity of dry etch rate to SiN as a function 
of gas composition 
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8. Package Reliability 

For packaging reliability, cured films were tested for 
adhesion to two types of molding compound types as a 
function of final cure temperature. PIX-3400 is an estab- 
lished self-priming, wet-etch polyimide stress buffer 
product and is included for reference purposes. Test 
results are shown in Table 1 1 and indicate that HD-8000 
exhibited improved performance, independent of final 
cure temperature when tested with CEL-9200 and 
CEL-4690SX-4RU molding compounds. 

Table 11. Adhesion Strength to Molding Compounds 





CEL-9200 


CEL-4690SX-4RU 


HD-8000 300°C cure 


4.9 


7.4 


HD-8000 325°C cure 


4.5 


6.7 


HD-8000 350°C cure 


4.6 


6.4 


PIX-3400 (ref.) 


3.2 


4.5 



Stud pull method: 

stud 03.65 mm 

unit kgf/10.2 mm 2 

after PCT 85°C / 85% RH / 1 68 hr 

measure temp. 250°C 

shear speed 1 00 j^m/sec 
Molding compound 

CEL-9200: biphenyl type 

CEL-4690SX-4RU: cresol-novolac type 



9. Appendices 

9.1 Appendix A — Cured thickness and 
recommendable process conditions 
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9.2 Appendix B — Soft-bake (SB) temperature 
margin (at 8 (im cured) 

Film retention (left) and minimum exposure dose (right) 
as a function of soft-bake temperature at various devel- 
opment times. Soft-bake times are fixed at 170, 180, and 
190 sec, respectively, from the upper 
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9.3 Appendix C — Soft-bake (SB) time margin 
(at 8 |im cured) 

Film retention (ieft) and minimum exposure dose (right) 
as a function of soft-bake time at various development 
times. Soft-bake temperature is fixed at 1 1 5, 1 20, and 
1 25°C, respectively, from the upper. 
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9.4 Appendix D — Development time margin 
(at 8 jxm cured) 

Film retention (left) and minimum exposure dose (right) 
as a function of development time at various soft-bake 
temperatures. Soft-bake times are fixed at 170, 180, and 
1 90 sec, respectively, from the upper. 
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Summary 

The HD-8000 series of photodefinable polyimides was 
developed through the collaborative efforts of the HD 
Microsystems R&D laboratories in Hitachi City, Japan, 
and Wilmington, Delaware. The resulting product is a 
high-resolution, positive-tone photodefinable polyimide 
which can be imaged on 1-line, G-line and broad band 
photo tools with tight CD control. As formulated, HD-8000 
has excellent process latitude, with 72-hour hold-time 
stability and two week RT viscosity stability. Cured films 
of HD-8000 were measured to have good elongation, low 
stress and a high Tg. HD-8000's resistance to both wet 
chemicals and dry etch processing conditions is excel- 
lent and make it well suited for various wafer overcoat 
processes. 



Technical Service 

HD MicroSystems has dedicated technical service 
facilities in Hitachi City, Japan and Wilmington, Delaware. 
Technical support personnel are available to work in- 
house on dedicated process tools, or on location 
throughout the world to assist in process development or 
to help resolve technical problems. For more information, 
contact your regional HD MicroSystems Technical 
Representative. 
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United States 

HD Microsystems 
PO Box 80010 
Wilmington, DE 19880 
800-346-5656 ext. 13 (Phone) 
302-892-0597 (Fax) 

HD Microsystems 

1333 Lawrence Expressway 
Suite 212 

Santa Clara, CA 95051 
800-346-5656 ext. 11 (Phone) 
408-260-0885 (Fax) 



Japan 

HD MicroSystems, Ltd. 

10-13, Shibuya 3-chome, Shibuya-ku, 

Tokyo 150 

Japan 

81-3-3407-9003 (Phone) 
81-3-3407-9037 (Fax) 



Internet 

www.hdmicrosystenis.cohi 



Europe 

HD MicroSystems Europe GmbH 
DuPont Strasse 1 
61352 Bad Homburg 
Germany 

49-6172-87-1823 (Phone) 
49-6172-87-1824 (Fax) 



HD MicroSystems liability is expressly limited by HD MicroSystems' Conditions of 
sale shown on Seller's price list or Buyer's copy of Seller's order acknowledgement 
form (if used) and Seller's invoice. All technical advice, recommendations and ser- 
vices are rendered by the Seller free of charge. While based on data believed to be 
reliable, they are intended for use by skilled persons at their own risk. Seller assumes 
no responsibility to Buyer for events resulting or damages incurred from their use. 
They are not to be taken as a license to operate under or intended to suggest infringe- 
ment of any existing patent. 

Caution: Do not use in medical applications involving permanent implantation in the 
human body. 
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